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Approximate analytical formulas for the self-consistent renormalization of P,T-odd and P-odd 
weak nuclear potentials by the residual nucleon-nucleon strong interaction are derived. The contact 
spin-flip nucleon-nucleon interaction reduces the constant of the P,T-odd potential 1.5 times for 
the proton and 1.8 times for the neutron. Renormalization of the P-odd potential is caused by the 
velocity dependent spin-flip component of the strong interaction. In the standard variant of n + p- 
exchange, the conventional strength values lead to anomalous enhancement of the P-odd potential. 
Moreover, the 7r-meson exchange contribution seems to be large enough to generate an instability 
(pole) in the nuclear response to a weak potential. 

PACS numbers: 21.30.+y, 13.75.Cs, 24.80.Dc 


Recent measurements of the effects of parity noncon¬ 
servation (PNC) in nuclear reactions produced several 
results which still have not been explained: permanent 
sign PNC effects in neutron capture by 232 Th JlJ and very 
large PNC effects in Moessbauer transitions One can 
consider these observations as a hint that there could be 
some new mechanisms to enhance the weak interaction 
in the nucleus. Therefore, it is time to consider possible 
corrections which can influence the magnitude of PNC 
effects. In our work (3| it was pointed out that the resid¬ 
ual strong interaction can enhance the two-nucleon PNC- 
interaction ~ A 1 / 3 times (A is a nucleon number). We 
called the residual interaction which combines the action 
of the weak potential with the residual strong interac¬ 
tion the induced parity nonconserving interaction (IP- 
NCI). However, the dominating part of the two-nucleon 
IPNCI, which was produced by the velocity-independent 
contact strong interaction, does not contribute to the 
single-particle weak potential. In the present work we 
consider the part of the strong interaction which renor¬ 
malizes the single-particle weak potential. Renormaliza¬ 
tion of the P- and T-odd nuclear potential which con¬ 
tributes to P- and T-odd nuclear moments and to P- and 
T-odd effects in neutron scattering is also considered. 

Let us start from the consideration of P- and T-odd 
nuclear potentials (see , e.g. Ref. |Q|): 


The shape of the potential U and the nuclear density p 
is known to be approximately similar. We used this fact 
in Eq.(ilj). Correspondingly, the whole potential affecting 
the nuclear motion is equal to 

U = U + Htp = U{r) + 9aVU ~ U(r + 0a). (2) 

Hence, it is obvious that the nucleon wave function with 
the Htp taken into account has the form: 

if = if(r + 9a) = (1 + 6aS7)if{v) = if + Sif, (3) 

where if( r) is the nonperturbed wave function. The di¬ 
rect correction to the strong potential induced by a small 
perturbation can be written as follows: 

^(!) = E [ d2[Sif+(2)V(l,2)if a (2) + 

a 

+ift(2)V(l,2)8if a (2)]. (4) 

Here the notation 1(2) = {ri( 2 ),cr 1 ( 2 ),T 1 ( 2 )} stands for 
the full set of the nucleon variables (coordinate, spin and 
isospin) and the summation is carried out over the occu¬ 
pied nucleon states a. 

We use the Landau-Migdal parametrization of the 
strong interaction 

V(rr') = CS(r -r')[f Q + ffrr' + gaa 1 + g'rr'aa'], (5) 


Htp = 
G 


G 


= rj 


2\f2m 
P( 0) 


2 y/2m u (°) 


g(aV)p ~ 6aVU, 
= —2 • I0~ 8 r] ■ fm , 


where C = 300 MeV ■ fm 3 , g = 0.575, g' = 0.725 and 
only the direct terms are considered (see e.g. Refs, [if), 
||). Using Eq.(|]) for if + Sif and integration by parts in 
Eq. (|j), we otain the correction to the T,P-odd potential: 


where a is the doubled nucleon spin, p is nuclear density, 
m is proton mass, G is the Fermi constant, 77 is a dimen¬ 
sionless constant characterizing the strength of T- and 
P-odd interaction ( the limits on these constants for pro¬ 
tons (? 7 p) and neutrons (g n ) were obtained from atomic ||] 
and molecular || electric dipole moment measurements), 
and U is the strong nuclear potential, fm = 10“ 13 cm. 


Htp = -^82 f d 3 rift{Y2)[a 2 S72,V(Y 1 ,Y2)\ifa{Y2) = 

a 

= X 02 ( 5 + g ' Tl 7 ' a ) 0 1 V)|?/> a | 2 = 7o - Vp , ( 6 ) 

a 

7 = C(9 p ^{g±g')+9 n %(gwg')) for protons (neutrons). 
Hereafter, [, ] means commutator, and p = Y^ a |^a| 2 - We 
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put proton density p p = (|p, neutron density p n = ^p 
and < (72 >= 0 (we consider the potential created by 
paired nucleons). Now we should solve the self-consistent 
equation Hpp = H^ P + Htp for T-,P-odd potential: 


9a\7U = 9°aVU + 7 


P(0) 
U( 0) 


ctVU. 


(7) 


Here H PP contains the “initial” values of the T-,P-odd 
interaction constants 77 ° and 77 ° (or 0 ° and 0 °), while Hpp 
and Htp contain “final” values of the constants. The 
solutions for the pair of simple linear algebraic equations 
for the constants are the following: 


Pp = + 9 ') N / A ] - v°C(g ~ g')N/A) ~ ^|, 

Vn = (Vn [1 + C(g + g')Z/A] - r,° p C(g - g')Z/A) ~ 

= [1 + C(g + g')N/A][ 1 + C( ff + </)Z/A] - 
C 2 (g-g') 2 ZN/A 2 , 


Here, C = Cp/\U\ = = |(1 + ^-) 1 ~ 1 and 77 ° and 

77 ° are the initial values of the constants. We used the 
well known relations : 


C = 


Pfui 


P = 


2p| 

3tt 2 ’ 


£F = 


2m ’ 


|[/| — £f + | e | 


( 8 ) 


where pf is a Fermi momentum, e is a nucleon sepa¬ 
ration energy. We also have taken into account in the 
numerical estimate that \g — g'\ is small. 

Thus, the strong residual interaction reduces the values 
of the T-,P-odd potential constants 1.54- 1.8 times. Note 
that the response of the nucleus to the T- and P-odd 
potential (jlj) as a function of the interaction constants 
has poles (D = 0) at g = C~ x ~ —1 and g' ~ C~ x ~ — 1 
(for TV ~ Z). The positions of the poles differ from the 
instability points in an infinite Fermi system g = g' = 
— 1.5 (see, e.g., Refs. ||, |l(|) since the interaction (i) 
does not exist in the infinite system (Hpp = 0 at p = 
const). 

It is interesting that the T- and P-odd interaction in¬ 
duces a spin hedgehog (o ~ r) in the nucleon spin distri¬ 
bution within a spherical nucleus. A simple calculation 
with the wave function (j^) gives the following proton and 
neutron spin distributions: 


cr p (r) = 9 p S7p p ( r), o n ( r) = 9 n Vp n (r) (9) 

The interaction Htp in Eq. (@) is, in fact, a strong inter¬ 
action of the nucleon with the spin hedgehog ( Cgcra(r )). 

Now we turn to considering corrections to the weak 
P-odd and T-even potential 

W =—^L—g w (app +pap). (10) 

2 v 2771 

Here p is the nucleon momentum, the dimensionless con¬ 
stants g^ for the proton and g^ (for the neutron) are 


of order of unity (the notation e ~ 1.0 • 10 s <7 is also 
adopted in the current literature). In a simple model of 
a constant nuclear density it is easy to find the result of 
the action of the perturbation W (see Ref. jLl|, and the 
first paper of Ref. [p~2| ): 

tp = exp(—i^ar)tp(r) ~ (1 — i£ar)tp(r), 

i =-^g w p = em - (H) 


In the general case (real density shape and spin-orbit 
interaction taken into account) the correction to the wave 
function contains an extra spherically symmetric function 
p a [r) (see, e.g. Ref. |J|): 

Ha = -i(&r)tp a (r)tp a (r). ( 12 ) 

The P-odd weak interaction (|bj|) also changes the spin 
distribution. It rotates the spin around vector r [se e 
Eq.(|Tl|)1 by the angle and creates a spin spiral p3f . 
However, after the summation over paired nucleons this 
spin structure disappears. As a result, the contact spin- 
dependent strong interaction (|B|) does not contribute to 
the renormalization of the weak potential (because of the 
factor i in Eqs. (0 and (0 the contribution of (Stp + ) 
compensates the contribution from (dtp) in Eq.([i|) for 
the correction to the potential). This result looks nat¬ 
ural since the only possible orientation of the spin in 
the spherical nucleus a ~ r violates both P- and T- 
invariances and can not be produced by a T-even weak 
interaction ©• 

The correlation which is actually produced by the weak 
interaction is op. To reveal such structures the strong in¬ 
teraction must be spin and momentum dependent as well 
(another possibility is related to a finite range exchange 
interaction; it will be considered below). Within Landau- 
Migdal theory, the momentum dependence is usually de¬ 
scribed H by the following extra term in (|j) : 

Vl = ~Cp p 2 (g 1 +g' 1 T 1 T 2 ) (( 71 ( 72 ) 
pip 2 5(ri - r 2 ) + pi<5(ri - r 2 )p 2 + 


p 2 (5(ri - r 2 )pi + 5(ri - r 2 )pip 2 


(13) 


The constants of this interaction are found to be gi = 
—0.5, g( = —0.26 (Ref. ||). Using Eqs.(||), (0 and 
(0 we can calculate the corresponding correction to the 
weak potential: 


^ = d 3 r 2 tp+(r 2 )[i£ a a 2 v 2 ,Vi]tp a (r 2 ) = 


C 


= ~©£a(5l +ffinT a )—5-{(7 iPi, \tp a \ 2 } = 
a ZP F 

= Q[(ap)p +p(ap)\, (14) 


where Q = —§r[%(gi ± Si)£ P + ^(giT ffi)£n] for pro¬ 
tons (neutrons) correspondingly. A self-consistent solu¬ 
tion of the equation for the total P-odd nuclear potential 
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W = W° + W gives the following values of the potential 
constants: 


9V = (91 + g'l)} - jj[9»°(gi - si)}, 

9n = ^r°[l + + Si)] - - Si)}, 

O ]\T 07 

^ =[1+ 3A (5l+5,l)][1+ 3A (5l+ ^ )] 


4VZ 

" 9A 2 


(si-sir- as) 


We have taken into account here that Cpmpff =2/3. It 
is interesting that the poles (D = 0) in the response of 
a nucleus to the weak potential W ~ op coincide with 
the boundary of stability for a Fermi- liquid with inter¬ 


action (|uj): gi = g[ = —1.5 at N = Z (see, e.g. Refs. 
[9|, jn|). This is not too surprising since we used the ap¬ 
proximation p = const to obtain the wave function (11). 

B 


The interaction Vi with the constants g\ = —0.5, g[ = 
—0.26 does not cause instability. However, it acts in the 
direction of the poles and increases the P-odd potential: 


9p = 1-3s° + 0.18£°, g n = lAg° n + 0.12 5 °. (16) 

Therefore, the Landau-Migdal interaction V+Vi [Eqs.(||) 
and (Jb|)] does not produce crucial changes in the values 
of interaction constants for P,T-odd and P-odd poten¬ 
tials. The corrections are of the same size as, say, correc¬ 
tions to the Schmidt values of the magnetic moments. In 
fact, the Landau-Migdal interaction originates from the 
underlying n + p-excliange interaction 0 which gener¬ 
ates also tensor components. To account for the latter 
destroys this “idyllic” picture at least for the P-odd po¬ 
tential. The rest of the paper is devoted to the calculation 
of the 7 t + p contribution. 

In the present random-phase-approximation like cal¬ 
culations, the correction to the nucleon P-odd poten¬ 
tial W = due to the strong interaction 

V = \ Yj abcd a+C+ Vabcddb is given by the expression 


^ ^ (-AgbVbani' Vabui;-Aba'j'ft'a 
ab 

y^(AqbI4 

i/fia Lay f_tb Afcq ) n a , (17) 

ab 


where the first sum is the direct contribution and the sec¬ 
ond is exchange one (p + , p, a + ,a ... are creators and de¬ 
structors of nucleons in the corresponding single-particle 
states), n a are the occupation numbers, n a =< a + a >, 


1 We had known from a private communication with 
V.G.Zelevinsky that he independently obtained a similar re¬ 
sult: The correction to the effective field erp diverges at the 
same point where the first harmonic of the Landau interaction 
Pi(cti(T 2 )(piP 2 ) leads to the instability of the Fermi liquid. 


and A a b =< ip a \i£(crr)\ipb > are single- particle matrix 
elements of the P-odd mixing operator [see Eq. ©]■ For 
the 7 t + p- interaction |lj] , V a bcd is given by 

V abcd = j dld2ipa (l)V’c'(2)U lr+p (l, 2)'0b(l)V , d(2), (18) 


where V ,r+ '’(1,2), in p-representation, is 


-47r(7lT 2 ) 


fl (orqXofzq) 

vn\ q 2 + trip 


V n + P (l, 2) = 

fp [or x q][o- 2 X q] 

Trip q 2 + m 2 p 


(19) 


where q is the momentum transfer, m w ( p ) is the pion 
(rho-meson) mass, fl = 0.08 is a pion coupling constant, 
and fp is corresponding p-meson coupling ranging from 
1.86 to 4.86 (“weak” and “strong” couplings correspond¬ 
ingly JlJ]). In the coordinate representation, the last ex¬ 
pression becomes a potential depending on [iq — r 2 1. Thus 
its commutator with A = j£(err) in ( |17| ) (direct terms) 
is zero; while the exchange terms contain (due to nonlo¬ 
cality of the potential) an effective velocity dependence 
and yield a nonzero contribution to W. To calculate the 
latter, we should reduce the exchange terms in © to a 
direct form which require the change q —> Pi — p 2 (the 
nucleons are on the Fermi surface) and Fierz transforma¬ 
tion of the spin and isospin tensor structures ||. After 
performing that, we obtain, for V bv pa , 


LWa = J dld2^+{2)^+{l)V\l,2)^ v {l)%{2), 

with V'(l, 2) being equal to 


—2t r 



U'(l,2) = 

(tlT 2 ) aPip + (1 - (oToq))^] 

' a/3 


fp ^a/3(Pl 

m 2 p 


[ fl (Pi P2)a(Pl P 2 )/3 

[ml (Pi - P 2 ) 2 + m 2 
- P2) 2 ~ (Pi - P2)a (Pi - P2)/3 

(P1-P2 ) 2 + m 2 p 


( 20 ) 


By use of that, the second sum in Eq.([L7j) is re¬ 
duced to the expectation value of the commutator 
[z£ 2 (cr 2 r 2 ), V'(l, 2)] and we obtain the meson exchange 
correction W to the P-odd potential acting on the first 
nucleon: 


W”+ p = -< ^+(2)|K(a 2 r 2 ), W(l,2)]|^(2) > . (21) 

Here notation < ... > stands for the expectation value 
taken in the subspace of the wave functions of the core 
nucleons (label 2), and the summation is assumed over 
the states a occupied by the nucleon 2. Calculating 
the commutator in © using @) and the relations 
[r 2 a, P2/3] = iS a 0, (c7 2a cr 2/ 3) = 6 a p, we obtain 
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W^+p = 

= K n < i/j+ (2)|(cti(pi -p 2 )) 


.(Pi - P 2) 2 + ml 


1 (P 1 -P 2) 2 1 L , 

Q iy >2 . 212 \7a\2) •' > 

3 [(Pi -p 2 ) 2 + m 2 ] 2 J 

~ k p < V’o (2)l(°'i(Pi -P 2 )) 
1 (Pi - P 2) 2 


.(Pi-P2) 2 + w 2 2[(px-p 2 ) 2 + m 2 ] 2 _ 


1^(2) >, (22) 


where the right hand side remains to be an operator act¬ 
ing on the wave functions of nucleon 1, and the constants 
are AA = 6 tt(/ 2 /to 2 )(3- (tit 2 ))£ 2 , A^ = 87t(/ 2 /to 2 )(3- 
(tit 2 ))^ 2 • To evaluate the expression (|22|) , one can em¬ 
ploy, e.g., the Fermi-gas approximation to parametrize 
the density of core nucleons ^ a ^+(2)^> 0 (2) as has been 
widely used in such calculations [e.g., in obtaining the 
“bare” nucleon P-odd potential jF5|]]. We obtain from 
Eq.(|| 


W« +p = 2Q”+r po (a lPl ), (23) 


where the constant Q’ n+P for proton and neutron has the 
following form: 


Q; +p = q(Spj + 2 £„^), QZ +p = q(Zn^ + 


A ' ^ 

/ 2 f p F x 4 fp rxr f p F 


q = ^(^WA — )~^W P ( — ) ) (24) 
m% m ,r 3 nip m p 


and the nonlocality factors W (lf T , p —> 1 for m ntP —> 00 ) 
are Wn(^-) = 0.11, W p (^-) = 0.69 for pion and p- 
meson correspondingly. The nonlocality effect is greater 
for the pion due to its smaller mass (m w = 0.7/m^ 1 
compared to pp — 1.3/m -1 , while m p = 3.7/m _1 ). The 
above value W n is quite close to the result = 0.16 
for the nonlocality factor for the “bare” weak potential 
obtained in a-cluster calculations [jp|. 

To obtain the renormalization of the P-odd weak po¬ 
tential with account for it + p-exchange, one should use 
W 7T+P instead of W in Eq.(|15|) in the self-consistent de¬ 
termination of W. With account for that, the renormal¬ 
ization equations of the potential constants g Pin dll) take 
the form 

9j' = l{9r[l-f*] + 2|9p"' 0 *(. (25) 


where k = 2 qpm and, in that case, the determinant D is 
equal to 

N 7 N 7 

D=(l~-k)(l~-k)-—±k\ (26) 

It is seen from the last term in Eq.(f24|) that the con¬ 
tribution from p-meson exchange tends to compensate 
the effect of the 7r-meson, whereas the latter strongly 
pushes the solution (Eq.(©)) in the direction of the pole 


(D = 0). The equation D = 0 determines a curve (func¬ 
tion of N/A) corresponding to the border of stability of 
the nuclear response to the P-odd field. For real nuclei 
( N/A ~ 0.5-r-0.6) the position of the pole corresponds to 
the critical value of k = k c = 0.67. The 7r-meson alone 
(with no p-exchange) gives k = k^ ~ 1 and produces in¬ 
stability in the “shell-model” nucleus. The p-meson ex¬ 
change reduces the value of k: “strong” p-meson coupling 
(fp = 4.86) gives k = 0.4 which corresponds to enhance¬ 
ment factors gW/g^° = 1.6, g^ / g^° = 0.7 (for g^° = 4 
and g^° ~ 0, see, e.g., [fl2fl ). Thus g^ ~ g™ even for 
very small initial values of g^°- “Weak” coupling (0.4/ 2 ) 
gives k ~ 0.7 ~ k c (“infinite” enhancement). Of course, 
the accuracy of the present consideration is not sufficient 
to give a definite answer in this situation (note that we 
have considered the linear response only and neglected 
fine effects like smoothing of the pion in nuclear matter 
0, © ), besides the uncertainty in 7 r and p coupling 
constants in a nucleus. At least one can say that D ~ 0 
means a possibility of strongly enhanced P-odd effects. 

Interpretation of this fact, resulting mostly from the 
strong 7r-meson exchange contribution, is not straight¬ 
forward: Definitely, it is related to the question of the 
stability of a nucleus under the tensor 7r-exchange inter¬ 
action which has been already widely discussed in the 
literature [|j, in particular, in relation to the problem of 
7r-condensation in nuclei (see e.g. © ). Also, a large 

enhancement factor is naturally associated with the low- 
lying 0“-excitation (a pole in D for nonzero frequency 
of the PNC field). The influence of the 0 _ -resonance 
on the PNC-effects was discussed in Refs. 01, & On 
the other hand, some effects decreasing the role of the 
7T-excliange interaction in a real nucleus may exist and 
the stability of the nucleus may be restored (e.g., due 
to a particular shell structure). At least, our consid¬ 
eration proves that a possible mechanism exists leading 
to the enhancement of the nuclear P-odd weak poten¬ 
tial which is caused by the velocity dependent spin-flip 
component of the conventional residual strong interac¬ 
tion with the standard values of its constants. Thus, 
new reliable experimental information on the P-odd nu¬ 
clear effects would be desirable. In view of the present 
considerations, it might be important not only for the 
weak interaction theory, but also for the study of strong 
interaction effects and nuclear structure. 

To conclude, we have considered the renormalization 
of the nuclear T,P-odd and P-odd potentials due to 
the residual strong interaction in the Landau- Migdal 
parametrization and with account for the tensor com¬ 
ponent of the one 7r, p-meson exchange. The T,P-odd 
potential is found to be renormalized moderately, while 
the renormalization of the P-odd potential proves to be 
greater and the tensor velocity dependent interaction, 
with standard values of the parameters, turns out to be 
able to produce a substantial enhancement, “driving” the 
solution for the self-consistent P-odd field towards the re¬ 
gion of instability. 
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